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Due to the complexity of the Tandem Mirror Experiment-
Upgrade (THX-U) and the importance of uperat ing time, 
a l l the s u b s y s t e m s must be made as r e l i a b l e as 
p o s s i b l e . ECRH i s such a subsys t em. In o rde r t o 
accompl i sh t h i s t a sk w i th ECRH, two t h i n g s were 
needed: 
(1) Training in proper operat ion and main tenance of 
the system; 
(2) A Quali ty Control Assurance program. 
T h i s p a p e r w i l l e x p l a i n how t h e s e t h i n g s were 
implemented. 
"Work p e r f o r m e d under t h e a u s p i c e s of Che U.S. 
Department of E n e r g y by t h e Lawrence L i v e r m o r e 
N a t i o n a l L a b o r a t o r y u n d e r c o n t r a c t number 
W-7U05-ENG-U8." 
Introduction 
ECRH i s a l a r g e , complex s u b s y s t e m of t h e TMX-U 
m a c h i n e . I t r e q u i r e s vas t and v a r i e d t a l e n t s t o 
maintain and opera te da l ly . All of i t s sho r t comings 
were not r e a d i l y apparent or well def ined. Problems 
began occurr ing with more than normal r e g u l a r i t y and 
ECRH was becoming l e s s than r e l i a b l e . Many man hours 
of opera t ing t ime were being l o s t due t o equipment 
f a i l u r e s . Los t o p e r a t i n g time meant an unnecessary 
expenditure of money and manpower. I t was de te rmined 
t h a t a Qua l i t y Control and t r a in ing program should be 
implemented. 
I n i t i a l l y , the ECRH Quality Control system was se t up 
t o d e f i n e p r o b l e m a r e a s a r d i n c r e a s e s y s t e m 
r e l i a b i l i t y . As the system grew and took shape, It 
became apparent that I t could be U3ed t o b e n e f i t the 
ECRH system In many ways. 
The qua l i t y c o n t r o l and t r a i n i n g sys tem s e t up for 
ECRH c o n s i s t s of two major p a r t s : 
( t ) Improve opera t ion through t r a i n i n g . 
(2) Define problem areas and take c o r r e c t i v e ac t ion . 
Improved o p e r a t i o n was a c c o m p l i s h e d by f i r s t 
deve lop ing a s y s t e m d e s c r i p t i o n manual. The manual 
a i d e d in t r a i n i n g new t e c h n i c i a n s and r e d u c e d 
equipment down t ime. Secondly, a b e t t e r understanding 
of t h e p h y s i c s b e h i n d ECRH was g a i n e d by t h e 
t echn ic i ans . 
Defining problem a reas was accomplished by deve lop ing 
a d a l l y systems check l i s t and a computerized systems 
Tai lure log . 
The d a l l y s y s t e m s check l i s t helped make technicians 
more fami l ia r and aware of the sys tem. I t has a ided 
In p in -po in t ing p o t e n t i a l system problems. 
The f a i l u r e log i s a computer -based r e c o r d keeping 
s y s t e m . I t was i n s t i t u t e d to show sys tem f a i l u r e 
t rends and weak s p o t s . 
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Handbook and Checklist 
"ih» d e c i s i o n was made t o embark on a t r a i n i n g and 
qiui . i ty con t ro l system. The f i r s t task was t o d i v i d e 
t h e sys t em i n t o major s e c t i o n s . S e v e r a l of t h e s e 
s e c t i o n s a r e : H i g h - V o l t a g e f e e d b a c k . M a g n e t s , 
I n t e r l o c k s , Gyrotron theory, Control s ignal opera t ion 
and moni tor ing. Technicians, Engineers , and P h y s l s t s 
took a s e c t i o n or sect ions and began wri t ing a theory 
of o p e r a t i o n . Along wi th t h e o r y , s c h e m a t i c s , and 
block diagrams had to be furnished. 
Everyone, Involved In the assembly or the d e s c r i p t i o n 
m a n u a l , l e a r n e d more a b o u t t h e s y s t e m . I t was 
Imperat ive t h a t each person be a b s o l u t e l y f a m i l i a r 
w i th t h e s e c t i o n they were w r i t i n g . Each ind iv idua l 
would be responsible for answering any quest ions about 
t h e i r s e c t i o n . 
Once the manual was comple ted , eve ryone r e c e i v e d a 
copy and read i t a t the i r own pace. This allowed them 
to l ea rn the system a s e c t i o n a t a t ime and w i t h o u t 
any p r e a a u r e to do so. The aec t ion could be reviewed 
d a i l y u n t i l the person was s u r e he had l e a r n e d i t 
thoroughly . All concerned f e l t t h a t t h i s method would 
have longer l a s t i n g e f f ec t s . 
The manual i s an aid to t roubleshoot ing and r epa i r ing 
the major por t ions of the ECRH s y s t e m . When sys tem 
f a i l u r e s occur, the manual can be r ead i ly t ranspor ted 
to the problem area. I t i s used as a r e f e r e n c e and 
g u i d e t o ge t the technician on the r i g h t t r ack . This 
h a s r e d u c e d va luab le down t i m e . Approximately 30 
p e r c e n t l e s s down time for r e p a i r has been noted. A 
copy of the book Is on d i sp lay . 
A l s o s t u d i e d were t h e e f f e c t s of mode s h i f t i n g , 
frequency of o s c i l l a t i o n , and a n t e n n a a iming . Al l 
t h r e e of t h e s e parameters have an e f fec t on how well 
t h e ECRH power couples i n t o t h e TMX-U p l a s m a . A 
s y s t e m of checks had t o be e s t a b l i s h e d to determine 
tha t these parameters were c o r r e c t . 
Upon s t u d y i n g the effects and causes of, mode s h i f t i n g 
two major poin ts became apparent : 
(1) I t moat often occurs during ECRH pulses when the 
THX-U Magnets were on. 
(2) Mode s h i f t i n g can break c o s t l y Gyrotron t ube 
windows. 
ECRH was c o n d i t i o n e d be fo re e v e r y p h y s i c s data run 
without TMX-U Magnets. Because of t h i s , t h e r e was no 
way t o de t e rmine If mode s h i f t i n g would occur when 
da ta s h o t s were taken. To combat t h i s problem, ECRH 
I s now c o n d i t i o n e d a l o n e . When i t i s up to power, 
sho t s a re taken with ECRH and TMX-U Magnets o n l y . If 
mode s h i f t i n g occurs, f ine tuning i s performed. This 
process delays the s t a r t of ob ta in ing physics data but 
once s t a r t e d no physics data shots are wasted. 
Mode s h i f t i n g can cause Gyrotron tube windows t o form 
c i r c u l a r mode rings and eventua l ly crack. In order to 
s ave windows from b r e a k i n g , t h e y a r e c h e c k e d I f 
f r e q u e n t mode s h i f t i n g o c c u r s . If the window shows 
s igns of damage, I t Is changed. 
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We d i s c o v e r e d t h a t the ECRH G y r o t r o n s had been 
o s c i l l a t i n g at two f r e q u e n c i e s , 28 GHz and 26 GHz. 
28 GHz I s where optimum plasma coup l ing occurs . 
26 GHz can occur with Improper ECRH magnet s e t t i n g s . 
26 GHz does not couple very well Into the plasma and 
can cause damage to the Gyrotron t u b e s . This i s 
combated by the use of bandpass f i l t e r s that have a 
bandpass of 28 GHz ±500 KHz. The o u t p u t s of the 
f i l t e r s a r e o u s e r v e d on o s c i l l o s c o p e s , and the 
Gyrotron i s tuned unt i l 28 GHz Is obtained. 
Antenna a i m i n g i s a c c o m p l i s h e d by p l a c i n g heat 
sens i t ive paper Inside the THX-U vesse l at the precise 
place that RF power Is to be concent-ated. High-power 
shots turn the heat sens i t ive paper dark at the places 
the RF power I s c o n c e n t r a t e d . By observing the 
relat ionship or the dark areas to the center of the 
paper , the p r o p e r a iming can be determined. If 
improperly aimed, the antenna can be re-posit ioned and 
the process repeated unti l proper aiming i s achieved. 
QC Reporting 
The second task embarked upon was a Quality Control 
reporting and logging method. This meant two th ings 
had to be formatted . The f i r s t was a dai ly system 
check l i s t . The second was a system fa i lure log. 
The d a l l y s y s t e m s c h e c k l i s t was s e t up to 
systemat ica l ly check a l l water, o i l , FC75, and SF, 
l i n e s for l e a k s and proper f l o w . By c h e c k i n g 
auxiliary systems, in a standby mode. f a i l u r e s can be 
d e t e c t e d p r i o r t o o p e r a t i o n . By c h e c k i n g the 
auxiliary systems dal ly , the entire system has become 
more r e l i a b l e . Time lo s t due to faulty flow switches 
or leaks Is v i r t u a l l y a thing of the past . 
Gyrotron tanks are In open, eas i ly access ib le areas In 
the TMX-U p i t . They are at times used as ladders and 
hand holds. Damage to equipment was not being noticed 
prior to operat ions . With the Quality Control system 
every d e t a i l o f the tank i s Inspected d a l l y . The 
remain ing r e m o t e a r e a s of the ECRH s y s t e m a r e 
scrutinized as we l l . 
There were several da l ly I n s p e c t i o n s that were down 
graded to weekly Inspections. Failure rates of these 
items d i c t a t e d t h i s move. One such in spec t ion i s 
checking the outer Gyrotron window. The window Is 
Inspected for any s i g n s of mode r i n g s or f o r e i g n 
material. Dust and ash from burned gases wi l l destroy 
a window extremely r a p i d l y . By p e r f o r m i n g t h i s 
I n s p e c t i o n , s e v e r a l Gyrotron windows have been saved 
from p o t e n t i a l damage. Another chc k I s t h e 
Inspect ion of the h igh -vo l tage capacitor bank. Any 
damage to bleeder res i s tors i s noted and addressed on 
a weekly b a s i s . There are 108 capacitors per bank. 
Each c a p a c i t o r has two s e r i e s b l e e d e r r e s i s t o r s . 
Res i s tor f a i l u r e r e s u l t s from age and dust part ic les 
that cause arcing. Down time due to these problems 
has been v i r t u a l l y e l i m i n a t e d , A copy of the check 
l i s t i s also on display. 
Secondly, the sys tem's equipment f a i l u r e log was set 
up. This was accomplished on a Hewlett-Packard 9816 
desk-top computer. All equipment f a i l u r e s are logged 
and can be sorted and reviewed. Any recurring problem 
can be d e a l t wi th by modifying the system to stop It 
from f a l l i n g . The equipment fa i lure log began showing 
fai lure trends and Identified equipment that was being 
repaired with more than normal frequency . I t became 
apparent that a complete re-deslgn of the ECRH control 
system was needed. This project Is now i s progress . 
The ECRH sys tem and TMX-U have b e n e f i t e d Trom the 
portions of the new control system already i n s t a l l e d . 
R e b u i l d i n g o f a h i g h - v o l t a g e crowbar stack was 
undertaken due to continued f a i l u r e s . For the past 
e ight months, there have been no major fai lures of the 
new crowbar s t a c k s . The log a l s o showed numerous 
f a i l u r e s o f the current Interrupt board. This board 
i s very important because i t s Job i s to shut down the 
system If a fault occurs. If the board f a l l s , system 
damage may o c c u r . R e - d e s l g n of the board was 
undertaken due to these r a i l u r e s . There have been no 
current interrupt board f a i l u r e s , to speak of, s i n c e 
the boards were re-deslgned. 
Conclusion 
Not every system i s large or complex enough to d ic tate 
having a training guide or a s t r i c t qua l i ty c o n t r o l 
s y s t e m . ECRH required that such programs and manuals 
be Implemented. Quality control has Increased system 
r e l i a b i l i t y by more then 3a percent. It helped train 
technic ians in a fas ter , mure organized manner. I t 
helped t o eliminate unnecessary cost due to down time. 
Due to the Quality Control sys tem, ECRH i s a more 
r e l i a b l e , e a s i e r m a i n t a i n e d , and more respec ted 
system. 
-2-
